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Please make the following corrections to the "Quarterly

Progress Report, Determination of Emissivity of Materials. "

Report No. PWA-2128:

1. Page 30, delete the word "heating" where it appears in

the legend.

Z. Page 63, change "200°F '' to "Z000°F ''in the legend.
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FOREWORD

This report describes the research

activity carried out in fulfillment of

Contract NASw-104 as modified by

Amendments 1 through 8, during the

period from July 1 tbroughSeptember

30, 1962.
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ABSTRACT

During the three month period covered by this report,

work x_as continued in support of NASA space power

_.ysten_s. An alumlnurn phosphat_-bo;-,dcd mixture of

I nickel-chrome spinel and silicon dioxide completed 8650
hours of endurance testing on a SNAP--8 finned-tube

i radiator segment. Flame-sprayed coatings of titania onSNAP-8 and Sunflower I sections completed 7810 hours

and 7760 hou,'s respectively, a_ Iourth rig containing

I SNAP-8 section with an aluminu__-n phosphate-bondedmixture of silicon carbide and silicon dioxide completed

6530 houra of testing.

t Emittance measurements were made on ten materialsk
and on the substrate material, columbiurn-1 per cent

I zirconium alloy. The ten materials tested includedzirconium silicate, magnesium aluminate, chromic
oxide, eerie oxide, titania, barium titanate, calcium

i titanate, strontium titanate, iron-titanum-aluminumoxide, and iron-titanium oxide. Measurement of both

total hemispherical and spectral normal emittances

I were made for all materials except eerie oxide and irontitanium oxide. Two different bonding methods were used
for chromic oxide and calcium titanate and three different

I methods re'ere used for zirconium silicate. One zirconiumsilicate coating was bonded to type 310 stainless steel

: rather than columbium-1 per cent zirconium to determine

the influence on coating emittance of the type substrateused. Specimens of zirconium silic°_te and iron-titaaium
oxid? were endurance tested.
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i

I COATING E),:DL_._kNCE TESTS IN SUPPORT OF NASA

SV'ACE POWER FYSTEMS

Work was continued c,uring this report pe"iod in st.pport of the SNAP-8

and Sunflower I space power .sy_-tems, Endurance tests, each sched-
_led to run for ten thousand hours, continued on four finned-tube

rad>_tor segment eTdurance rigs. A descriptio_ of the work on each

rig follows.

A. Rig No. i, %cAP-8 Test Section

A mixture o n:ckel-chrome pinel LNiO • CrzO3) and silicon

dioxide are alm-ninum phosphate-bonded onto this test section.

Report PWA-1994, page 12, describes the various tests this

matorial has teen subjected to. At tbe end of September
accumu]ated test time totaled 8650, hours.

l

!- B. Rig No. 2,, SNAP-8 Test Section

Rig No. 3, Sunflower I 'rest Section
i-

Titania base powder', supplied by the Plasmadyne Corporation

and plasma Ha.me-sprayed in a Plasmadyne at Pratt &

. Whitney Aircraft Division was the coating used for the second
test section. Since it had previously been decided that the

coating used on the Sunflower section should be the same as

the one tested on a SNAP-8 test section, this coating was

also used on the third (Sunflower I) test section. The material

is essentially titanium dioxide with small amounts of other

t oxides present.!
J

After 2180 hours of endurance testing, the SNAP-8 test sec-

i tion showed faint cracks in the coating at the top of the tube
_ortion of the test section (Figure 1). After 3490 hours these

._ cracks were plainly visible (Figure 2). A small flake was

I missing from the tube, _t the mid-section, after 6170 hours
(Figure 3). After 6840 hours, (Figure 4) the size of this

flake had not changed but a second, larger, flake was missing

further down the tube and crack in the at the of
a coating top

the tube w,Rs now apptoxirnately I. 5 inches long. At the end

of the quarter the _test section had accumulated 7810 hours of ._
enduranc e testing. - -

C, c, -" _ -

• "- , .' . . . . _ "' . ' . ; ' , . . ' % ", ..' . . .. . - ..% i_ . , .. .':

•-" .....-::=..',.:_.i::',.... '7" -- ' -.,, ::...,._, ..L:,., _ ., .... -;'-.":-II_Na._,4'.:;, .1_,. , ...0."..'i:' _",' ..',,<:._:_..."....... ' .... . '. _'.:..'..5" ;_.;"_<_'_"./,_.'_.'5,
•''--"-"''_"'lCd'_I ''' '''_'"_2", ': ,_ _', _ , "" . .-'"._- ,,_*;_" "f._,_'.-_,.,_"_,:"',"_,_.j. ;_,'_" _._'" ,,.t',......" ' e, '.. _-_..,-_..', ,,.... ._.,'_._;,_'- =,_..._,..7-"._:. ':_ ....... '..:_,'_ .',..',. ,'_: :;., '.*-, ".'. '.. ,, '.-" ,'.--'_,-.,_"_'.C:_'T_'::.-... ,_-.-. _,_.: . ".,.,".:.:,. '.... :, ., .,,:.'..-", ," ,.... ,.., .... '..:"; . _;R,, , ,_, .',...._,_-&._,_,._..,e,,t'..,_-"_,.;'._.... _'.'._,..-a,._._,_'-'-_'a_.,',.,,._..,,h_..:.,.'._X'._._'_;._``_`_`_``i_'`_`_'_`,``_'_'_.'_`_`_`_`_¢".'-.'.',_',,.",'e.._,:-_.".'..'.-'.:_',_-:a-_.a.-,'...r,*:..*,,1_,g1"J_.,.,_...',-,,*._
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I

T:'e Sunflower test section has accumulated 7760 hours of

testing _ith no evidence of cracking or snalling visible.

C. Rig No. 4, SNAP-8 Test Section

A mixture of siliconcarbic, e and silicon dioxide is aluminum

phosphate-bonded onto this test section. Reports PWA-Z01Z
and Z043 describe the various emittance tests this materia!

has been subjected to. Test time for the specimen totaled

6530 hours at the end of September.
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TI TAN I A BASE COATED SNAP-8 F I N SEGMENT AT 2| 80 HOURS
IN RIG Igl3g-A, NOTE FAINT CRACKS IN THE SURFACE-OR THE

: I_pprR PORTION OF THE TUBE

Figure 1
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TITANIA BASE COATED SNAP-8 _lN SEGNENTAT 3490 ._OURS
aN RJG !4134-A. NOTE CRACKS IN THE COATING ON TUBE

]piSu_.eZ_
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TITANIA BASE COATED SNAP-8 FIN SEGMENT AT 68L_0 HOURS
IN +RIG |_|3L_"L, NOTE LOSS IN COATING ON THE TUBE PORTION
OF SPECIMEN

-- Figure 4 .
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II. EMITTAb1GE MEASUREMENTS

A. Colurr_bium - I Per Cent Zirconium Alloy

._,lostof the cuatings tested during this reporting period were on

colurnbium - I Fer cent zirconium tubes. Two uncoated specinlens

of columbium - l per cent zirconium were tested to establish the

emittance characteristics of the substrate material. The first was

an "as received" specimen and was tested in the total hemisherical

emittance rig only. The second, a polished specimen, was tested

in both the spectral and total hemispherical emittance rigs. The

total emittance data for the "as received" specimen and for the

polished specimen are shown in Figures 5 and 6 respectively.

As may be seen in Figure 6 , [he total emittance of the polished

specimen increased with each successive test run. DL'ring this test

a leak existed in the rig which resulted in the test being performed

in a vacuum of only 2 - 2 x 10-6 mm Hg. Although the leak was not

serious enough to preclude te_ting, raost of the other tests were

conducted with vacuum levels in the I0-7 n_m Hg range. Tl-_ fac_

that a good vacuum could not be maintained even though a large pump

was used (400 I/sec) shows that a significant amount of air was

being pumped through the chamber during testing. It ._.ssuspected

that during spectral emittance testing in a vacuum of about 10-8

mm Hg the specimen was cleaned up and that subsequently during

total emittance testing oxide layers formed on the surface _nd
caused the ernittance increases.

Spectral normal emitt_ances o£ the specimen are shown in Figure 7

] for test temperatures of 900 °, 1450 °, and Z000°F.

t
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PWA- _ ! 28

TABLE I

Uncoated, As Received Columbi,Jrn _ 1% Zirconium

Run Elapsed Pressure T.C. Optical

N°___t_ Time {Hre. ) (_ {__F.) (r}_ I (°F'} (TH

1 0.9 2" 4x10- 6 310 . 114

1.7 2.4x10-6 521 . 145

2.2 2.4xi0-6 703 • 166
2. 5 2. 3x10-6 903 187
2.8 2. 3x10- 6 "

999 • i96

3. 1 2.5x10-6 1100 .219
4.3 2.4x10-6 1199 .236
4.5 2.4x10- 6 17"1 •242

4.7 2.3x10-6 1399 255
5.0 2. 3x10- 6 "

1500 .264 1476 .277
5.2 2. 3xlO- 6 1602 274 15655.4 2.2x10-6 " .295

1703 .283 1717 .275

5.7 2. lx10-6 1801 .286 1817 .2-78
5.9 2.2x10- 6 1904 291
6. 1 Z. 2xi0-6 - 1917 • 285

2005 298 20266o 4 2. lxlO-6 " • 288

2105 • 298 2122 • 290

6.6 2. lxlO- 6 2203 .305 2221 .297
6.8 2. ixl0 _6 2150 300 21897.0 2. lxlO-6 " .282

1851 • 275 1889 • 258
7.2 2.2x10-6 1549 247 15697. 5 2.2xlO- 6 " .238

7.9 2.2xlO- 6 1249 • 232
949 .195

8. I 2.4x10-6 653 .161





PW.__ 2 i 28

T kBr w !I

U-,coated, Poli_'-.edCoi_,_,.bzum_ I% Zirconium

r_apsed Pressure T.C.

No. T: ..... (Hrs.) (rn_n _:_ ¢ °F) _TH Optical
" "-_t_.. _ _ (°F} (TH

l 0.2 2.8xl0-,_ 900 . 144

0.4 2.6x10-6 1176 .147

0.6 2. _x10-6 1448 .171
0.7 2. 7x10-6 1697 ....

" '_' 1704 . 1')4

1.0 2. 5x10-6 2050 .208 208! • 198

2 1.3 2. 5x10-6
902 . 154

1.5 2.3xi0-6 ii73 .162

1. 7 2.4x10-6 1448 .188

1.9 2.4x!O- 6 1687 .212 1683 .213

2. 1 2.2xlO- 6 2047 .219 2065 .213

3 2.5 2.2x10-6 899 .160

2.7 2. lxlO-6 1175 . I75

2.8 2. Ix!0-6 1454 . 192

2.9 2.0x10-6 i703 .205

3. 1 2. OxlO-6 2948 • 224

3.2 2.3xi0-6 999 . !70

4 3.7 2.4xlO- 6
903 .171

3.8 2. 3x10-6 1176 • i77

3.9 2.4xi0-6 1448 .194

4. I 2.4x10-6 1695 .212

4. 2 2. 3xi0-6 2048 .195

4.4 2.3xi0-6 1017 . 180

5 4.6 2.4x10-6 90;' .179

4. 7 2.3x10-6 1176 .184

4. 8 2. 5x10-6 1449 .202

5.0 2.5x10-6 1694 • 220

5. I 3. 1x10-6 2044 .241

_',,_T.:_:.2,1;,:.%.:_:::. -_: "- - . . -7 "_----- " :. " -:.-_:l._eE_O -I0 -" -

_"_'- . _)_-_'.'¢ • t., "%' • .... _ --" - _-"-,-.-_ _'---"- -- -

•- .. • ,_ - __'2_ _..2,.'_-,_,_,. ..,_ , _ .,., ._.._ ....
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I
SPECTRAL NORMAL EMITTANCE vs. WAVELENGTH

i UNCOATED, POLISHED COLUMBIUM--I% ZIRCONIUM

I o.,
_t

0 0 _ 4" 6 8 It_ I_ 14!
| WAVELEN,GI"H_---X- MIm.ONS

-- : . " - )_gu._e 7
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B, Zirconium Silicate

Zirconium silicate coatings (ZrOg , SiOz) were applied by plasma-arc

spraying and by aluminum-phosphate bonding on a substrate of

columbium -lper cent zirconium. The zirconium-silicate powder

used all came from a single container and was supplied by the Continen-

talGoatings Corporation (FCZ-11). Three additional specimens were

prepared by the Roklde process utilizing Rokide ZS rods which are

primarily zirconium silicate, Two of these used a substrate material
of columbium - 1 per cent zirconium and the third used a substrate
of 3i0 stainle_ steel.

!. Plasma-Arc Spraye_: Coating on Ce!umbiurn -! Per Cent Zirconium

The coatings were white, fot'r mils thick, moderately hard, rough
in texture, and were well bonded to the substrate.

a. Total Hemispherical E:mittance Test - Total hemispherical
emittance was measured from 300"F to 2Z00"F. As shown

in Figure 8 , the total emittance decreased from 0.83 at
300"F to 0.51 at 22-00"F. The data obtained during the final

cooling cycle indicated that a change in the coating had

taken place. When the specimen was removed from the

rig, small dark spots were noticed which further indicated

a change in the coating.

It may be noted that the emittance data calculated using

temperatures obtained with an optical pyrometer are some-
what lower than those obtained with the use of a platinum-

platinum 10 per cent rhodium thermocouple. It is believed.

that the optical pyrometer temperatures (obtained by sighting
into the black body hole) are the more reliable. The data

based on thermocouples during the final portion of the

cooling cycle is presented to give some indication of the
shape of the emittance curve after the change, although the

emittances reported are higher than the true values.

b. Spectral Normal Emissivity Test - Spectral emittance was
measured from 1.5 microns to I3o5 microns at 900"F, from

1 micron to 13.5 microns at 1450°F, and from 1 micron to

14 microns at Z000"F. The data are shown in Figure 9 and
are typical of tiaat for a white coating, i.e. t the spectral

emittance is low at short wavelengths, rapidly increases
with increasing wavelengths in the 2 to 6 mi'cron range, a11d:
then remains high. Th,a dip at 9.5 microns is in the wave- :

. _ length range where silica emissivity typically shows a _ _ _: --
n 'ni um -

..... •_-_v:- . ':---_.". ._:"-".-_ : ." ",-:.... " , ..... -.: ",, ""., : : ._: "-':-__. _-':' , _:_"-,'°,:',. _:,_-"'_' • ,_,, ._: _:,__._'>2-_..:*'.-=,.._-:"

..... " _ "_._'_. " ,'_'. -'. _ _g__r "_'__ _" ;_-_,."_ _ _" ,"" ",-_,_ _. ,_". ,:_,;"", --_,. _, - _e _;: _ -_._ _.-..,-_j._.-*_ _-_m:'__¢_.2_'-_"_"_-"' ""
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PRATT & WHITNEY AIRCRAFT

TABLE IiI

Coating" Zirconium Silicate - Plasma
Arc Sprayed

Substrate: Columbiurr_ - I% Zirconium

4.0 Mil Coating

Run Elapsed Pressure T.C. Optical

No. Time (Hrs) (ram H_) ('F) ETH ('F) ETIq

I 0.5 Z.2 x i0-6 307 .832

l.l Z.4 x 10-6 497 .801

1.6 Z.l x 10-6 698 .775

2.0 Z.2 x I0-6 902 .705
3.8 2. I x I0-6 1001 .731

4.2 2. l x 10-6 1099 .639
4.4 2.1 x ]0-6 1200 .615

4.7 2.2 x 10-6 IZ99 .608

5.3 2. I x 10-6 1397 .599

6.7 2. I x 10-6 1500 .60Z 1507 .593

6.9 2.0 x 10-6 1600 .594 1610 .583

7. I 2. I x 10.6 1699 .591 !720 .569

7.2 2.Z x 10-6 1799 .589 1824 .564

Heating Current Off; Vacuum Maintained

2 7.6 2.3 x 10.6 1500 .607 1495 .614

7.9 2.2 x 10 .6 1601 .601 1610 .591
8.1 2.2 x 10 .6 1700 .600 1728 .569

8.4 2.3 x 10 .6 1800 .600 1802 .598

8.6 2.3 x 10-6 1901 .597 1910 .585
8.9 2.4 x 10 -6 2008 .597 2040 .567
9.2 2.2 x 10 -6 2104 .592 2152 .549
9.5 2.0 x 10.6 2195 .566 2225 .541

9.8 1.9 x 10 -6 2150 .554 2202 .512
11.2 1.9 x 10 -6 1866 .548 1903 .514
I1.5 2.0 x 10-6 1601 .518 I580 .539
11.7 2.2 x I0-6 1252 .607

12.3 2.1 x 10 -6 906 ,639
12,6 _2.6 x:10 -6 653 .677

13,0 42.0 x 10 -6 352 .717 --
2. :"

......:. , ,t.., . . ..... : .,. ,:_ _ ,;_.,-.....:_.., , "...... ; _.... ._,', ,. .f. ,,."@._,_.',.'.. :,"..7,<:..:..,;.;:-.'__;._._;3'..:@.-.... ._..,,,_.:..._._:_.._.--.,_,, • ':._'_ -".'; _ ..... -- '-""_. ,. ', ": "" ,, "-" .,_.:" " ' "" : . _._ ..C'._.'_' _.%,:._;',;:.,:_.,,."-.Z _-_-_-_%_._._.-`_-_--`-_._*_`_`_,`_``_:_-_._`_`-_--_*._- ."_, ....,_- °•_-, ,-.-=.-'-"-- _-' ..... "_, ._"_'J.;,-:-"':.-'_:"='-",-_,_"':'-=_-_--_.',--"_ .-=.':';'-_,- --.',l..... ._._,.a,_,+.,_.,T&,:_2__...,,..,_,,..._..:--,_,--_._-_,._._,.'_-- _._-p,Z,_s--'--'--'--'--'--'--'--'--_¢T-j.=;:--
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SPECTRAL NORMAL EMITTANCE VS, WAVELENGTH

COAT!NG:ZIRCONIUM SILICATE-PLASMA-ARC SPRAYED(4MIL)
SUBSTRATE' COLUMBIUM--I% ZIRCONIUM
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2, Aluminum-Phosphate-Bonded Coatin$ on Colurnbiurrl-I Per Cent
Zirconium

a. Total Hemispherical Emittance Test - The same zirconium

silicate powder was used for this specimen as for the

plasma arc-sprayed coatings di;cussed above. The specimen

tested in the total emittance rig had a 4-mil thick coating

which was white, very soft, and poorly bonded to the substrate.

Total emittance was measured from 300*F to 1850"Fo As may

be seen in Figure I0 , the emittance decreased from 0.75

at 300"F to about 0.39 at 1850"F. It was noticed that the

specimen was whiter after the test than before.

Comparison of Figures 8 and I0 shows that for tempera-

tures ranging up to approximately 1400*F the emittance

values of the phosphate-bonded coating are about l0 per cent

lower than those of the plasma arc-sprayed coating. Above

1400*F the differences increase.

As in the tests discussed previously, at elevated tempera-
tures there existed considerable discrepancy between

temperature measurements obtained with an optical pyrometer

and those obtained with a platinum-platinum 10 per cent

rhodium thermocouple. The size of this discrepancy indicated

that the platinum-platinum I0 per cent rhodium thermocouple

was completely unreliable for the high-temperature portion of

this test. A chromel-alumel thermocouple, used as a

reliability check, provided temperature data in reasonably

good agreement with the optical pyrometer and therefore

data based on the cl:romel-alumel thermocouple is reported

rather than that based on the platinum-platinum 10per cent rhodium

thermocouple.

b. Spectral Norrnal Emittance Test - The specimen for spectral
normal emittance testing was prepared atthe same time

and had the same external characteristics as the specimen

for total hemispherical emittarce testing. The 4-mi! thick

coating became whiter during testing.

• • _ ..... . ,.. :.,,__:.:i.:-._-_1% :.... -. . .: ..... ., ..,_:._, :-.°_:-_<_-__:_-_
" ' -........... :-' '," ,'," : ..... ' .......... - ....... ;_. ............. _'_.,_ " '.h,_..._,_.,,_-_,,-........ . _...... _...: ..........,.:,.,..... .-_, :.__,,,,,_.,.,,..,._.....,. _..._o_.._,_-,_, _._ __.
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TABLE IV

Coating" Zirconium Silicate - Aluminum Phosphate Bonded

Substrate: Columbium - I% Zirconium

4 Mil Coating

Run F]apsed Pressure T.C. Optical
(_ ETHNo. Time (His.) (mm Hg) (°F) TH (°F)

I 0 6 3 Ixl0 -7 307 761

0 9 2 7x10 -7 497 737

1 3 2 9xl0 -7 690 716

4 2 2 7x10 -7 999 589

4 5 2 9x10 -7 If05 568

4 7 5 7xl0 -7 1206 552

4.9 I 2x10 -6 1321 531

5. l 2 7xl0 -6 1420 523

5.2 I Ixl0-5 1546 498 1563 .482

5.5 1 Ixl0 -6 1694 436 1728 .409

5. 9 3. 7xl0 -7 1808 407 1837 .387
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SpL'ctral t,mittance wa_ _easured from 1.5 to12.5 microns at 900"F

from l to 13.5 microns at 1400"F, and from 0.5 to !3o5

mlcrons at g000"]_'. The spectral emlttancedata are shown in

Fi_ure ]1 .

It is to bc_ noted that at short wave !eE_gths the spectral emittance

was hizher at 900"F and ]450"F than would have been expected

for a white coating, but that when the test temperature was

raised to Z000"F the emittance dropped to a more reasonable

J-_CVUI. lll_ Ul_.lJ.[[all(t_ UIU_J .i_) LU/lbibL_ 1[ WILII Ll.t_ J.IL_.,ICd._:_',/

whiteness of the specimen after testing.

Comparison of Figures 9 and !I reveals several differences

between the curve shapes for the two specimens. The curve

for the aluminum phosphate-bonded specimen appears similar

to that of the plasma arc-sprayed specimen but is shifted

i to Z microns to the right. The shift appears most noticeably

at the dip which has a minimum at 9.5 microns for the plasma

arc-sprayed specimen and at about II microns for the aluminum

phosphate-bonded specimen. It is further noticed that the

curve for the aluminum phosphate-bonded specimen shows

a dip at about 6 microns wbich does not appear on the curve

for the plasma arc-sprayed specimen.
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3. Rokid_ _ ZS r-,._,:-:;..,.

Rokide rods. c;.')t_linc-d fr,.:,-', t'.',e Norton Company, "...ere Llsed t:

apply coating:{ to both type 310 stainles_-, ste,-1 and to columbium -

! per ,, :=t z'rc,J::iun: -ubstratt.-,. A typical ;.n:_lysis of these rods

as determined bv the Norton Company is as fol!ox_s: 64. 12 per

cent Zr O7, 33 2 ) per cent SiO 2 I -t) per cent Ai)O_ and 0.97

per c_:nt (CaO + TiO 2 _- FezO 3 -L NaOz). Both ts.pes of specimens

_ere tested to determine possible effects of the twn different

=.._._+ ..... m_,-. ,-,_=,; .... v,_',_ _,._¢_ :._ cc,!nr and had a rouzh but

glassy appearance.

a. Rokide ZS Coating on 310 Stainless Steel - Total Hemispherical

Emittance Test - The 4-rail thick coating was very hard

with a fair coating-substrate bond. As shown in Figure 1Z ,

the total hemispherical emittance decreased from 0.65 at 1000°F

to approximatel} 0.53 at ZI50°F, then increased to approxi-

mately 0.56 at 2Z00_F. When the specimen was removed from

_he rig it was noted that the color had changed from white to

grey, indicating that the emittance increase at ZZ00°F probably

resulted from a change in the coating. It was also observed

that a considerable amount of the coativg had spalled off the

tt_.l:,e which probably resulted from the large difference in co-

efficients of thermal expansion between the coating and the
substrate.

_i b. Rokide ZS Coating on Columbzum - 1 Per Cent Zirconium -
Total Hemispherical Emittance - The 5-mil thick coating was

i=ard and wellbonded to the substrate. As shown in Figure 13 ,

i the total hemispherical en.ittance decreased from 0.75 at 500°F

to 0.6 at 1500°F and then increased to approximately 0.68 at

2Z00°F. The data agreed fairly well with those for Rokide ZS
on 310 stainless steel between 1000°F and 150C°F. At this

temperature the emittance started to increase, apparently the

result of a change in the coating. The color of this

-' specimen also changed to grey. This is co,lsistent with the

similar changes in emittance of the two specimens. No spalling

! of the coating occurred. None was expected since the difference
:t in coefficients of thermal expansion between the coating and this

substrate is srnall compared to that o£ the previous specimen.

] 967084086-035
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TAqI E V

C_,a'in¢," Rokid, ZS

S_dbstratc Sta:n]ess St,_-cl 310

4. 0 _Mi'. Coatine

Run Flaps,. d Prc._sure T. C. E Optical (:
:,:r.. llmc (l!rs ) (:n'-n Pg) I'I') iH (:F) tit

1 4. Z 3. 2x10 -7 1001 641

4. 3 5. 3x!0 -7 1102 630

4. :, 3.4x10 -7 1201 623

4.7 3. 8x10 -7 1302- 611

4. 8 3. 2x10 -7 1401 586

5. 1 2. 9x10 -7 1502- 577 1515 .562-

; 5.2- 5.2x10 -7 1601 568 1628 . 539

5.4 1.2x10 -6 1700 . 556

" 5. 6 2.. 8>:10 .6 1796 . 552- 1808 . 541

l 5.8 6.2.x10 -6 1910 .537

5. 9 1. lxl0 -5 2-033 . 5Z8

i 6. 1 1. lxlO -5 ZI6Z .527: 6. Z 1. OxlO -5 2204 .561

I
I . J
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2. a ' .640

9.4xi0-7 I ;00 ._30

2. 7 7. ?xlO-7 1400 .613

2. 9 8.8x10-7 1496 - ;99

3. ! 5. 8x10-7 1602 .603 1606 .598
?.7 3.6x10-7 179_ 602 17963. 9 -3. OxiO-7 " • 599

4. I 5. 3x10-7 !915 .604

4.2 5. lxlO-7 2045 .638

4.4 4.8x!0-7 2160 .681

4.6 3.9x10-7 2232 • 679

4.8 3. lxlO-7 2195 -672

4.9 3.2x10-7 1867 .610

1578 • 551
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....... _ . .- r. - ' "_,'_ Co:': Zr_'oniu:_.: -

._d"_nc= -...... T,._.-_" - T]q.: "_'_"_,!,,"_l c:-.4"" r,..c.er-_t:("" _ ,.,: thi>_ s:)ec'.n:en

",_-_rc :.dent:c,,." :< :1:_.-:,- f the -:_:',::_men disc _scd :37c',iou_l'.".

The s._ec -----,_ v.g:.s ::_.=.nt.::ned _:r ;: :.,.,ntinallv c(,n_tant ternoera-

tare <- '. "-50 F :or "gO >_, ::-s Da:-i:tz _::e e__riv n,0rtion of the

test. t}-e or)tic;:: n'.-ro,'-::eter _"ead:n2s ,obtained ",,,ere found to

be in error and a pl;:tlnurr,-p,._:,.n_,r'p. ,0 per cent rhodium
_ner.'m..oc._uD:.e",.as usec for te._p,oerature ..'-neasure:.-nentuntil the

source o: the error :_as :ou_nd, The opt:ca, ron_eter _tnd the

['.'_er:::c,c,o_uie _erf4 bo['.'_ u_ed :'or the rc'rn_inder u£ L}',e kc_t, but

by this time a discrep_:nc'," of about 2:, to 30°F existed betx_een

the t'_o instruments. This results in a corresponding discrep-
anc-- in corp.Duted emittance of about 5 to 6 per cent. During

the portion of the test in x_hich the pyrometer x_as not used

(95 hours) the emittance increased frv,.'-p. 0.65 to 0.75, using

thermocouple temperature indicaticns and to 0. 79, using

optical pyrometer temperature indications. A gradual increase

to an emittance of 0.83, (based on optical pyrometer tempera-

ture measurements} occurred during the next 170 ho,:;s. The
difference betu, een the emittance value> calculated using the

thermocouple and the pyrometer remained about 5 to 6 per cent
throughout the test. During the remaining 50 hours of testing no

further changes took place.

Since an increase in emittance had occurred and since previous

tests with Rokide Z8 on columbium - i per cent zirconium

substrates have indicated difficulty in obtaining reliable tempera-

ture data with platinum-platinum 10 per cent rhodium thermo-

couples, it was not possible to determine whethe, the indicated
emittance values at the start of the test were reliable. For this

reason, another specimen from the same batch was tested for
about 75 hours at the same temperature. The emittance at the
start of the second test based on optical pyrometer temperature
measurements was 0.65 andincreased to about0.80 during the 75

hours of testing. These results, which were almost identical

to those of the first endurance test, confirmed the reliability
of the optical pyrometer in the first test, and also indicated
that the thermocouple was reliable at the beginning of the
endurance test.

I.Aa,,No. ?.7
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The data for these t_o endurance te__t_ :lr.. s}. _<n In Fi,,ure ]4

(Durln_ the portion uf the f_r:;t t_ ._t mv. hlc}", e,-,ittg_n,':e ",_'_ not

changing rapid!y, a'.'er_ige d-zliy values arc, sh ._n for d,_ys v. her.

more than one point x_as taken.) Emittance da:: obtained as

the specimen was hei, ted to the endurance test tt:nperature _:re

shown in Figare 15 .

In each case, x_hen the specimen _as removed from the test rig,

it was noted that the coating color had changed from "._hite to

grey.

4. Zirconium Silicate - General Remarks

X-ray diffraction =:naiyscs of the Rokid. - and plasma arc-sprayed

specimens before testing shov, ed cubic ";rconia (ZrOg) to be the

principle phase present. Apparently, zirc'-nium silicate decom-

posed at the -.'cry high spraying temperatures and "V,e s_tic:.- thus

formed v,as in :l glassy state. 1,g Spectrograp.i,_ --_.iysis confirmed

the presence of large amounts of silicon in additiov to the z__rconium.

i The plasma arc-sprayed specimen used for total hemispherical
i emittance testing and the Rokide ZS coating on 310 stainless steel

were examined after testing and the spectrographic analysis showed

{ no significant change in the elements present. X-ray diffraction
I showed the presence of both monoclinic and cubic zirconia. The

change in crystal structure of the Rokide ccatings may be attributed

I to the presence of magnesium in the coating which, when present
i as an oxide, can cause zirconia to have either of these structures

at room temperature. Spectrographic analysis of the powder used

for plasma-arc spraying did not show the presence of magnesium

however, Once the powder has been stabilized and converted to

the cubic structure, it would not be expected that it would change

back to the monoclinic form. No explanation can therefore

be given at this time as to why the plasma arc-sprayed powder

i changed from cubic to monoclinic zirconia.

q I

j I.E. Campbell, High Temperature Technology, New York,
John Riley & Sons, Incorporated, i956, P. 8Z

2 E. Ryshk_.witch, Oxide Ceram_cs, Physical chemistry and_, New York, Academy Press, 1960, P. 399.

] PAa,.o.Z8

L

: 2

1967084086-041



TAB LE VII

Coating " Rokide ZS

S_bstrate : Columbium - I% 7irconium

5 N'11 Coating

Run Elapsed Pressure Temp

No. Time (Hrs) (mm Hg) (°F) 6TH

1 436 3 1.7x10 -8 300 910

436 6 8.3x10 -8 400 880

437 1 2.5x10 -7 500 845

437 9 4 7xlO -7 598 820

438 3 .4xl0 "'6 700 800

438 7 2 8xl0 -6 801 766

439 0 2 9xi0-6 902 .737

439 7 7 5xi0-7 1002 .715

440 l 2 5xi0-6 If02 .689

440 4 3 3xl0 -6 1201 .671

440.9 2.4xi0-6 1298 .649

441.6 2.3xi0 -6 1402 .647

441.9 2.8xi0-6 1451 .646

"" ,', ' '" ." ' " "' "'"'_"' "_ '- _';".F ,_' "'l. " "$" ".' '.',.;'.'"_ -_.":_':'; ,,_,'._
..... .'. . ,- • -"',:. . .,,_._,,4.', _. ¢':.."."_',:_ ,," ;.-'_ --_,'_"a_.,_. _,..

....... --_*:_-_ :_-"_'_"_'_ _*'__'*'_'°'_ .... "...... _.:_".' ' '- .,.:_'-_ T, ?;-" . ..... K""'_'_b"_:''''''_" ._,_-_:,'_..,._.__i_.-_ar.,._a_,__.:,'_'_
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It has bees notLd that all _,_ tl_cse specinLeas sho_-ed changes in

emittance as well :is a c}:ange in color from white to grey. Whether

or not these changes are related to the indicated changes in the

structure oi zJrcoma cannot be determined at the present time.

If this material is ever considered as a spacecraft radiator

coating (which may be justified by the moderately high emittance

levels obtained in the latter portion of the endurance testing)

additional material analysis techniques will be employed.

An unexpiamabie factor observed during the te_t of a plasma

sprayed zirconia specimen conducted in 1960 (PWA-1863, P. 149)

was what was considered an unusually high and relatively con-

stant emittance level when compared to published values of

emittance for zirconia. The specimen tested in 1960, however,

was characterized by the same grey color as the recently

tested Rokide ZS specimens rather than by the usual color of

zirconia. Its emissivity therefore compal ith recent test

values rather than with values previously puL,,_lshed.

X-ray diffraction of the aluminum phosphate-bouded coatings before

and after testing showed zirconium silicate (ZrO2"SiO2) to be the
onl r crystalline phase present. This is consistent with the lack

of a _.olor change during testing of these specimens.

1 •. - . . . _,_, , - ,,-_;-

,_.... ";: _ 'a:; --_7_,";_",:-'_,,,'J_, ',_::_"1_':_;_ .,.z:.._,,,¢,,'_.',-r,-:. ': "_" _" " _'_;" "":'., ..... " i_ ....

._. ." _.._,':_ ...... . .... _ :, ,.. . _ -_ •

i ", " ii
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C,.;,t:n .... I ,',.__'I_,'-:'nn ,l':,.':i_,,t_' (3,i20 • A]zO3) v<c,": .,;q)li(:d t_ co,urn-

b'u,r_- ] :J,.:'_ ,'r* <,re ,;r:l,_rn 1_o,'-. b,/ the' R_,k_d_' pr_,ce_ u.:_n5 Ro_<icte

,,.IA r{,,t-. Fh,. (,,:np,, _,ti_,_l ,,f typical R,,kicic),bk rods is described b,, the

:ppl_._.r. Fn,, bTc,rtc,n G,,. :t_ f,,li,Jv,-" 66. ,_, per (,.pl A120 3. 79. "3 Per

(_,'nt .',1:_'O. 2. * p,'r {,.hi G,<)2, 0. (,9 p'.'r ((.nt C1gO 3 and 0. 0S per cent

(F,'fiO.; - TiOl ' N.-,O_) ]'b,. _{'ll t)_ nd{.d co;_tinffs, 5 mils thick, \,.ere

\_b. it(,. vt.rv hard. ,:rid had ,,. rough. ,_,lo_y ;ippea_;,nce. Txvo specimens

were t,..:-ted, (,n_. in th,. tc,tal h,'ml._phcrlcal, emittance r_a,._ and the other

in the..-p,.e tr.,l ,..mlttanc,. ritl. Bot}-, _(.re pr_.parcd at the same time

u_inz rod4 fr(,m the >amc batch.

1. Total gmittance T_.st

Total _.m_tranc,_ was measured from 300 °F to 2200 °F and the data

are sho,,n in Figure 16 During the heating cycle, the emittance

varied from approximately 0.8 at 300 °F to 0.48 at ]800°F and

then slowly increased to 0. 55 _t 2Z00°F. Maintaining the specimen

at this temperature for 30 minutes produced, a further increase in

emittance to 0. 60. Emittances measured as the specimen was

cooled indicated that the emittance had increased at all temperatures

so it was su_,pected that the increase resulted from a change in

the coating. When the specimen was removed from the rig, _t

was noted that the color of the specimen had changed from white

to grey and that the surface now had a matte appearance as con-

trast_d to it_ glossy appearance before testing. Although a change

in the coating was indicated by the increase in emittance level and

further substantiated by the change in the color of the coating, x-ray

diffraction analysis showed magnesium-aluminate (MgO • A1203}

to be the only crystalline phase present both before and after testing.

2. Spectral Emittance Test

During testing the 5-mi1, white coating turned grey-white and the

hardness changed from very hard to hard but brittle. The coating .
remained well bonded to the substrate.

_] Spectral emittance was rneasu_:c,d from 1.5 to lg. 4 microns at 90@*F_,

from 1. 1 to 13.5 microns at 1450__ _, and from 0.45 to 13.5 micr0nso :/ ::f,_

t " at ?000"F. The spectral emittance data appears in Figure 17 . An .. ,., ...:::,]
..... . :,. • ...,,. ,: ,_.:

- -=- ..... . .' ...... " -, ,,.;7,_.'_'}_-_:,_,_q.,'.,__".%'.

'"%V'' ..... _'_'_-':*'_ '- " . • - -., ' _ ,,_'.'g_.,_ _ _ _- '._' '_-t..: _vk_a_.,_.,. .,a....."..... .. -.'- .-. ....... .. '.. : ,. t-_..' •'.. • ......... . , :,,..., ..-,, .,;, t _,. .._"f_- ,'-'.. ,,"-*:-- _ ..... '_.... " ....... _, ' ". a.... ," ._' , _ ,., °._'. _.'_'-
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interesting pkenom_-non is the local m.axL:num at approximately 3

microns which is -'"rv pronounced at 100 5 still exists at 1450°F,

and does not appear at all at 2000°F (5( : ins:.t - Figure 17 ).



!
I
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SPECTRAL. NORMAL EWIITTANCE vs WAVE LENGTH

COATING ROKIDE MA (5 MIL)
SUBSTRATE_COLUMBIUM-I% ZIRCONIUM
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D. C; '" ,':,:_ ().",.<,"

C;:r,,::.I( ..x:d,' c,_,_t:n-- x_t.r_..tppl:t.d Jv tx_o tc. cb:_iqu,'_, the Rokide

:)r_,_ ,. .... nd ;,x" .,ium:nu,:l pho-,])h/,t_, bc. tMln_. Th< typical analysis of

R,J:..:.d,. C :- ,'-> f,_ll,,x_.,: 82.94 per c.'n', G:'20 3, 8.29 per cent SlOg,
" ,, "-' 285. IC a,-r c,-nt A120 _, 2.'_6 p_.r (..nt M_., 1. pe:" cent GaO, and

!. 22 pt.r ".,-nt (Y_.203 : N,_O£ ; Tie2). Coatings of Rokide G were
appli_.d t.) c,.)!umbium tu!)e_ and both -,p,:ctrai normal and total hemis-

pherical _'mitt;_nce m(-asurem-.nts x_ere made The aluminum phosuhate

bonded co,troy w_,s on a c'.)lumbium - 1 ?er cen_ zilconiu:n _ube and

v,-as tested in the total emi'.t,,nce rl.g only.

1. Rokide C Coatings__

Before testing, the 3-rail thick coatings were blue-grey in color,

extrernel,, hard, and had a fine grit textur,_.. They were very v/ell

: bonded to the columbium substrate. Visua: inspection of the specimens

after testing showed that the ccatings had changed from blue-grey to

green.

i a. Total Hem ispheric__al Emittance Test During the he_tting
cycle total e,nittance increased from 0.'2g at 400"F to 0.8

i at 1000*F, remained constant to about 1600"F, and then
, decreased to about 0.7 at 2-200"F. As the _pecimen was

cooled, the emittance remained low, varying from 0.70 at

i Z200*F to 0.65 at 1500 °F, indicating that a change in thecoating had taken place.

j As shown in Figure 18 and Table IX, the tempe, rat-are indicatedby the optical pyrometer and by the platinum-platinum 10 per

cent rhodium thermocouple agreed very well at 1600°F and at

1800°F and then diverged. From this point on, it is assumedthat the thermocouple data a_ e anreliab!e. The emitt.'.nce

data, however, for the cooling portion of run I and for run Z,

based on temperatures obtained with the thermocouple, are_ included in Figure 18 to show that the emittance dropped

over the entire temperature range. Any changes in the coating

that may have takenplace during this test were not found byx-ray dilfraction. The x-ray patterns showed the principal

phase Present to be _Crz03 before and after the test.

' , , . ' - " ' . ." , " ,.4 -, "" "Z: ," "_., t ,.. . .j., ." '-,_'." "._" ',_'_ ,,' ,:.'_,.,_ ,: ,,.'.:",_-."_, . ,_ "_ ,...,.. ¢ , a,_ _. _._::-',,.'.':J-'._* *

I " " _. , . - ,- ,_'' -..." -._e -,,..*",,-,' '_ '_ .,,'_2_ .¢.,'- ,. "--',3_.. ._ ,'-_-.'-..'' _....,-...._,._.,. -,.'-._ . -, -'- ...... _-.,.',-.d: . ,,-' -_.wJ_. ,, ,_..-. ,
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PRATT & '_¢H'T_Ey AJPC/_AIFT p'_ll_" '_--c_ _ ]2 8

J ABI J: I.'_

Coating" Rokide C
.qubstrate" Columbiuz'_

3 0 \Iil Coating

Run Elapsed Pressure T.C. Optical

No. Time (Hrs) (ram Hg) (°F) ( (OF) ETH TH

1 1. 1 -_ _x!0 -6 396 .7!7

2.2 2. lxl0 -6 595 767

2.6 2. Ix!O -6 798 .778
3. 0 3. 3x10 -6 998. 5 . 811

2 4.8 1. 9x10 -6 1192.5 79b
5. 3 1.9x10 -6 1405. 5 802

5. 8 1.9x10 -6 1601. 5 807 1615 .786

6.4 1.9x10 -6 lq99 793 2018 .767

6.8 1.8x10 -6 1805. 3 790 1815 .777
7.2 2.9x]0 -6 2200. 3 751 2235 .702

7.6 I.9xlO -6 2092 .722 2120 .682

8. 0 I.9xlO -6 1903 .701 1930 .669
8. 3 2. IxlO -_ 1701 .686 1722 .660

8.6 2.OxlO -6 1504 .679
8.8 Z.OxlO -6 1302 .673

3 9.2 2.3x10-6 1351 .670

9.5 2. lxlO-6 1152.5 .664

IO. 0 1.9x10 -6 751 .657
: 10. "I I. 9xlO "6 351 .642

: 4 11.8 2.7x10"6 398 .656
12.4 1.9x10-6 604 .642

12.9 2. OxlO-6 800 .670
15.2 2.2x10-6 979 .664

q

5 15.6 2. lxlO -6 1100 .688

15.8 2. OxlO-6 : 1200 .667
16.1 2.0x10-6= 1298 .661
16.4 Z. OxlO -6 1396 .687

t _ _ 16.7 2.0xl0 "6 1500 _ .670 _15Z3 .640 _
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PRATT & WI'H"rF_EY A,RLRAFT _I_I_*A- _. ],_

TABLE IX (Cont'd)

Run Elapsed Pressure T.C. Optical
E

No. Time (Hrs) (ram Hg) (°F) (°F')TH TH

6 17.2 2.0x10 -6 1596 686 1626 .647

17.5 Z.0xl0 -6 1698 680 172.1 651
17.8 2. 0xl0 -6 1803 686 1832 632

18.5 2. 3xl0 -6 1903 70Z 1923 679
18.7 2.0x10 -6 2003 709 203t 678

19.0 Z. 0xl0 -6 2097 724 2121 697

19. 3 2.5xi0 -6 2196 759 2237 714

i _
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FRATT & ¢VHITNE¢ AIRG_AFT PWA- 2 1 g8

b. Spectral Normal Emittance Test - Spectral normal emittance

was measured from 1.5 to 13.5 microns at 900"F, from 1

to 14 microns at 1450°F and from 1 to 14 microns at 2000°Y.

The data are shown in Figure 19 o The emittances indicated

are higher than had been anticipated from total emittance

results discussed above and in PWA-2043. It is suspected that

this difference is due to the quality of the black body being

significantly less than unity. For this reason the black body

hole configuration was changed from a rectangular slot
(.028 in x .085 in) to two 0.023-inch diameter holes thus

reducing the size of the black body to one-third of its original
size.

1 2. Aluminum Phosphate Bonded Coatin G

The 3-rail thick in color and hadcoating was green a smooth (fine
l grit) surface. It was moderately hard and was well bonded to the

substrate. Total emittance varied from 0.80 at 500"F to 0.73

. at 1400"F. Beyond this point the behavior of the specimen was
erratic and the data shown in Figure 20 is questionable at tempera-
tures higher than 1400"F.

I

_y
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T.,St%LE _"

._,lb_tr,it_,: C(_lUr_,})l_lrT, - l'}'o 7, r:'onium

_, f) R/fll C_),ttln_,

Run El;_pscd Pr(.s_urc • T.C. ( Optical (
No. Timc(Hrs) (rnm t!_) (°F) Tt! (°F) TH

1 0.4 2.2xi0 -7 305 7.t7

0.7 2. lxlO -7 497 802

0.9 2.4x10 -7 698 791

1.4 2.6x10 -7 904 784

1.7 7.1xlO -7 i005 769

1.9 5.3x10 -7 1101 765

2.1 1.2xlO -6 1200 758

2.3 4.8x10 -6 i301 739

2.5 2.0x10 -6 1401 727

2.8 1.2xlO -6 1512 .744

3.4 5.0xlO -7 1655 .676

3.8 4.8x10 -7 1820 .650

l

!

/
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E. Ceric Oxid..-

A Z-rail coating -_f c,.-ric ox!dc {CeO2) supplied by ',he Variacoid

Chen_ica] Company was aluminum-phosphate bonded to a columbium -

1 per cent z:zc_r,n,um suhstrate ano tested in the ",,_tai em...-ttance rig.
Tota: err.ittance _.'as m,-asured -_ro:n 306"K to 17C9=F. As shown in

Figure Z1 , total ernittance varied from 0.75 at 300"F to 0.65 at

1300°F and then increased. Beyo!d 1390°F visual obser_atxons in-

dicated fluctuations in the brightness of tP, e surface. When the

_pecimen was removed frorr, the test r_g it was noted that the color

had changed from white to blue mottled with white. The low emittance

level of this coating, at all temperatures, did not warrant further

testing or material analysis.



TABLE XI

Coati lfi: Cerla - Aluminum Phosphate Bonded
Substratc" Coiumbium - 1-0 Zirconium

2. 0 Mil Coating

Run No. Elapsed Pressure T.C. Optical

Tim (ram Hg) (°F} (TH (°F) (TH

1 O. 1 Z.6xlO -7 301 747

1.6 Z. OxlO -7 699 754

2. 0 Z.6xlO -7 qO1 716

2.4 2.4x10 -7 1001 680

2. 7 3. lxlO -7 1100 707

2.9 3.4xlO -7 1202 660

3. 1 4. OxlO -7 1301 644

3.4 5.0xlO -7 1396 660

4. 1 5. OxlO -7 1495 733 1470 .771

5. 0 4. OxlO -7 1599 762 1608 . 749

5. 3 3.2x10 -7 1698 749 1735 . 700

-- i- :- -- " ' C "" A -. ' . : "

:- 2asi:g
: :._ .- . _ : i ,>,. ?-:!:s , . 5.7,:< .... : ::-,.-::-:_-. :.'.r<-: .... -_:,_ A;t:_a#-a_-._;-C__:,-_
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F. Titarla

Y_tanlun: dioxide (TiOz) was plash:a-arc spravec onto ,_o!un_biu:-r_tubes

by Pratt & Whitnuy Aircraft. Eh,: titania used was su-,pli_,dby Metco,

Inc.(XP-ill4). Two specimens were prepared, one for testi_,igin the

total hemispherical e,nnittance rig _nd one for testing _,_tne =pectral

normal emittance rig. The coatings were blue-black, and hard. The

coating - substrate bond strength was fair. Two specimens were

tested, one in the total hemispherical emittanc_ ri_ and one in the

spectral nolmal emittance rig.

1. Total Hemispherical IEmittance Test

The 3-mil thick coating ,vas tested at temperatures ranging from

400"F to 2250"F. The emittance values (see Figure 22) varied

from 0.75 at 400"F to 0.83 at I_00"F during the first two test

runs. At higher temperatures the emittance decreased and

continued to decrease with each successive run_ Alow value

of 0.68 was recorded at 2250"F during the final run. Visib!e

characteristics of the coating did not change during testing.

2. Spectral Normal l_.mittance Test

Spectral normal emittance of a 2.5-mil thick coating was measured

from 1.5 to 13.5 microns at 900"F, from 1 to 13.5 microns at

1450"F, and from 0.9 to 13.5 microns at a nominal temperature

of 2000"F. The temperature increased from 1980"F to 2125"F

j during the final test which indicates a decrease in total emittance.

The spectral emittance data presented in Figure 23 shows

] evidence of this change. The 2000"F test was re-run with little

change in temperature indicating that no further large changes in

emittance were taking place. Spectral emittances were determined

to be essentially the same at 900*F and 1450"F but were found to

; decrease drastically as the specimen was heated to ZOOO'F. This
decrease in emittance is consistent with the similar decrease

] observed for the total hemispherical ernittancc specimen. The

visible characteristics of the coating did not change as a result

of te sting.
i

t_ Analysis o£ the coatinga b_.iore and s_ter.testing by. x-ray diffra¢- --

tion-showed.Ti203 as the principal pliase present.- 'Spectrographic - - . _ - -:

a .na lysis &howe. d no. change in the _lernents present, . . _ --- -- -"- -
• -_ _ . " - - Z ' "- ' -C-'. -- , , , 2 -' " _
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TA BLE XII

Co_tir-,g" Titanta-Piasnza Arc Sprayed
Substrata+. Columbiun_

3.0 MI1 Coating

Run Elapsed Pressure T.C. Optical

No Tim(" (Hrs) (ram H_) (*F) (T]=I_ ('F) (•

I i. i 2. I x 10-6 386 .754

1.6 2. I x 10 -6 601 .776

2.5 2.0 x 10.6 799 .796

3.0 2.2 x 10-6 1002.8 .809

3.6 2.0 x i0 -6 IZ00 .8Z0

4.0 2.2 x 10-6 1399.5 .8Z5

Heating Current Off; Vacuum Maintained

2 4.5 3.0 x 10-6 397.8 .767

5.1 2.3 x 10-6 627.4 .770

5.6 2.4 x 10 -6 801.4 .799

6.4 2.4 x i0 -6 998.7 ,809

6.8 2.6 x 10 -6 1201.7 .845

7.2 2.75 x 10 -6 1399.7 .833 1400 .832

7.6 2.5 x 10-6 1596. i .847 1605 .832

8.0 2.4 x 10 -6 1825 .807

II 3 9.2 2.3 x 10 -6 1605 .810
L 9.8 3.4 x 10 -6 1810 ,799

_-+ 10.3 8.0 x 10-6 Z025 ,791
!}

Heating Current Off; Rig Opened

.i 4 10.9 2.2 x 10-6 : 1608 .76,$
L 1i.6 2_ I x i0-6 1800 +751

.:, • j !1,:9 _ : :2tZxiO-6 - [_ _ 2OiZ. _ ,7.si " [< _[_[

_,-- + .... . ....: ..=..::<.-.-_ .... : -:,::.,..-+-;.++:_+-7_.:', ;+,_:--:C_:_",,(-<J.-++:."->-+",.,-;=,%:-;:-' <"-;i!+:,!7 -+-.:-'--- "Y"%=< <-""_ +- ::+:+-'-"<-" -:- "

• :=%_

" +t

:: - " .+ :;-_+ . :.'..i'-"-: ++ +: ,'t7 " ::'- "<-.-.-':_':- -- '.'.." - JC,'-_--+- . C5' "+-" " .:'c" c,- .....-. " - . ,._ +,t=._. : ._,. , • . -: +" .-¢+_ , . --_/:, .L. . -. --' .'.:_ ,.-t _1--

+I_ ..4"_-_." " "-"5 " + $>='': - < -% "-'-' " -'-_ _"-' .£-''- :'''::_" _ _ . --'.-: -,"'_7 .+°" "+ _ ] +_:+-+ei_ "_' • +' +--;'+ 2+_." +'-- .-<-: + - _',te ,+:- -'" +'[- " - _+

."-' :_.--" .,++_:+ -+ '%;',-"-. ':g .:'_,'k+-"C-u ---_\: :+:.E-+"._-. --.+-':'- -.:.4-£._,t .<<::'. "_ "" -.+-' ,,+ :+.7_'.:+-::_ .... "_.-_-:+j-., ' ._+_-:<._u+_':e - ".. ', +:- ;: ;:," >':+.%.[--_<£-4:'., <:_:..:-_::

-,,-,-:,..c+,,:-__.,-_,<+_,+-:,.:+::'----:-,:,,>_>-,_v-_>-+:_:--+-_.<+_>.w+.,---.>#,__,_--,a:v-_,';+++&-a+-Z<+-._..<_"7:+._'.%ezZ-<'¢_:9-_,%_+.:-:::'=."_'.",->_"b:":7".'5'{"_"%".:V-,¢+___" ":.7_-'.•̀.-..

._.+'.- - 1_ _-', " :_:'_ , b_-:_L_+ ._.._.,_;+r-. _'_'_'-_-_[-.*"-"'_ _ _ r --<g',:'_"_E., ,'" ":-" -...-_..,_..-)_-+_:-.r,_. - _¢.+,.=.-._..
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DWA-2128

SPECTRAL NORMAL EMITTANCE VS WAVELENGTH

COATiNG'TITANIA--PLASMA ARC SPRAYED (2,SM!L)
SUBSTRATE" COLUMBIUM
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C'. B:.rlnr]! _ltAn&tc

Bar:un". t:.tana<c ,t-,._oias :'. "<-sor_.'.-,.d_nto co]urn:)lUnl-l per cent

zlrconlu:]= tu:)cs. f.:Ic bollUn.-titanate p_,wdcr w_.s obtained from

Continental Coatings Corporatlon (FCE-II). Two spcsimen_ '_<ere

prepared at the same time, on< for t_:st'_n_in the tOtr.]hcmlsoherical

cmlttancc ri:g, and the" other for tcstln_ iF the sptctral formal emit-

tance rig.

i. Total Hemispherical Emittance Test

The 5-rail thick coating was grey-black, had a fine grit _exture,

and was well bonded to the substrate. Emittance values varied

from 0.75 at 300°F to about 0.84 at 1600"F, as shown in

Figure 24 . At higher temperatures the emittance dropped to

]_w value of 0.64 at 2250"F. As the specimen was cooled, it

was observed that the emittance had dropped over the entire

temperature range indicating that a change in the coating had

occurred. The color of the coating had chan_ed to black mottled

with violet.

2. &_ectral Normal Emit_ance Test

The 5-rail thick coating was grey-black and hard. It had a fine

grit texture and was well bonded to the substrate. Measurementc

" were made at 900"F, 1450"F and Z000°F.

Since the shapes of th: spectral emittance curves are quite

"* different, (see Figure Z5 ) it is assumed that a change in the

_ coating took place.. This is consistent with the results of the

total emittance test described above. A change in color was

also observed but the final color was brown rather than the violet

and black of the total emittance specimen.

X-ray diffraction and spectrographic analysis showed no change

in the coating as a result of testing. Both before and after ,- ,

testing the primary phase present was BaO . TiOz.

-_ :, : . - . ,_at<--.:

• Aaz ,o. 5:3 . ..',...-...,.,. _ .:._4_._.%,
• . . , . ...-.4-:. _., • .":_.-'_._,'.'_.N " _. " _'°
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TABLE XIII

Coating • Barium Titapate - -Plasma Arc Sprayed
Sub._tratv • C,:,iur'./bium - ._z0 Zirconium

%at,,-._..Coating

Run Elapsed Pres sure T. C. Optical

No. Time(Hzs) (m:_ Hg) I_ ") "_ (- , TH (°F') TH

1 0.7 6.9xI0 -7 303 .745

1. l 3. lx!0 -7 501 .77Z

1.4 5.4x10 -7 701 .794

1.8 6.5xt0 -7 90Z .765

2.1 7. 3x._0 -7 998 .783

2.3 6.0xl0 -7 1084 .78 1

2.5 1.7x10 "6 1206 .794

2.7 5.2x10 -7 1300 .815

Z. 8 5.3x10 -7 1399 .806

2.9 5.8x10 "7 1501 .813
l

i

Heating Current Off; Vacuum Maintained

2 3.5 4.5xlO -7 1502 .831

4. i 4 6xlO -7 1606 .832 1586 .865

4.6 50xlO -7 1668 .827 ,I_-
5.0 4 8x]O -7 1768 .811 i_

5.7 6 7xlO -7 1920 .738 : I
6.0 6 7xlO -7 2015 .727 -,,:>-:: ,--:\['_

6.3 90xlO "7 2150 .676 -.-:;) ."-: l_

6.6 90x10 "7 2244 - .-:.:.636-,--.i::.:,. - " [_'_

6.9 6. ZxlO "7 2i84 _---.f'_i".6_5i_:_:-,.: '-',:.%. -I>:

7.6 3. IxlO-7 - - -,.:,.-_.:rs-6:o.--:---::..:.6ss-'' "._.-.--.•-.:---l_k
7.8 - 3.7xi0"7-: . :!_ ---.-->-7-..i::i>15.46--:c-: - , ; 653. ) ::-:.-:i,:-:i('.:,i-.-.i.:_'_-_

• - ,._ ,-_.--!-i..:_'_.:--:.:-.,i---._,-.:-,:: ' , ::%./.::.?,_:._<,i_::i_I.

--i:_:, '." (-i-.--'-." .-i ._ "- '---,'--_-:,_"--.":.::_:_-_i-%__!i:>i-:
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FRATT & 'WHITNEY AIRCRAFT ;_CL-C F_,'_,',-_r_,2FL

TABLE XIV

Coating Calcium Titanate - Plasma Arc Sprayed

Substrate : Columbium

5 Niil Coating

Run Elapsed Pressure T.C. Optical

No. Time (Hrs.) (ram Hgj_) ('F) ETI- I (*F) 6TH

1 1.2 2.1 x I0 -6 403 .732

1.5 2. I x 10 -6 603 .768

I.9 2.0 x 10-9 800 .796

2.2 2.4 x I0 -6 999 .810

2.4 2.0 x 10 -6 1104 .823

2.7 2.2 x 10 -6 1204 .817

4.1 2.0 x 10 -6 1307 .834

4.3 2.0 x I0-6 1403 .839

_; 4.6 2.2x I0 _6 1502 .844 1500 .848

1 2.6x 10-6 1601 846 1605 840

,:i 5.7 _ 2:.4 x i0-6 1701 .850 1710 .836

,- . ' . z, -10--6!8011- :-,.-8z8 -18i-1-,--.813- :-

....... -" "- " - " --"-'_ -="-_'_.... :'":-" -':" ' " ;--':;':":6' ".- _-:;L ":__-- S'_'---.._= -".% ,-_ ,: .. -" - _-_'--_ _',::'---,-.7:." _.'_- --'-
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t.
_- Tota] em:ttance v,as measured fron: 300 to i400°F. As

shov:n in I._igure 27, the total hemispherica] em_ttance

: decreased from 0. 88 at 300°7£ to 0 61 at I100_F and then

:- remained relatively constant ,:pto 1400 °F. The coating

failed when heated above 1400 °F and had changed to a white

color during testing.

Ca1_'_,_m tit__n_-te,,_" _........_,..o_, may be of...... _...... applied by _'_ .... -_

i interest for low temperature radiators i.e. , for uso at

temperatures lower than 500°F. The coating, as indicated

by its white color, probably has a low solar absorptance.

{- 2. Spect_'al Normal Emittance Test

I a. Plasma Arc-Sprayed Coating - The 3.5-mii thick coating,

I plasma arc-sprayed onto a columbium substrate, was grey-

t-' black, extremely hard, had a rough texture, ard was very
t _ well bonded to the substrate. Spectral emittance was measured

t_ at 900°F, 1450 °F and 2000*F. The spectral emittance d.ata is

presented in Figure 28. It may be noted that the .general

{-!, level of the spectral emittance curve is highest_at 1450"F.

_:i Thi_ is consistent With the changes noted above"in the .' :

. discussion of the total ernittance test of the-s/tree coating.- -. :':- :
: . L . - /.- . _. , ....

i:_ . That is, an increase in emittance.tobk-plaCe :at-Some,tempera-_: __.-:: - -.
•/_3 . .- _ .... '.: --:- " . - _ - : -/,.,:---.. -.'-_. --::":..-.:_- :5:- --.._ " -:-i --_ ' _:_ .---:-',_ -.:.-:

ture belo_ 1500-.F__and,:when: the-,spec:men-:.was_heated--to_ 2000 ;F-: -.:::-: -- -_-
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P_ATT & _tHI'_NFY AIRC_Atr'/"

TADLE XV

Coating: Calcium Titanate-Alumint, m Phosphate Bonded

Substrate: Co]umbium - I% Zirconium

5.0 x4il Coating

Run Elapsed Pressdre T.C.

No. Time (Hrs) (nlm Hg) ('FI (TH

l 3.3 1.7 x 10 -7 301 .883

4.1 1.6 x 10 -7 496 .838

4.7 1.8 x I0-7 699 .793

5.3 _ 0 x 10-7 901 .687

5.7 5.3 x 10 -7 I005 .634

-_ 6.0 3.8 x 10 -7 I012 621
]
] 6. Z _.4 x 10 -7 1099 .608

6.5 3.6 x 10 -7 1196 607

"<_ 6.7 3.8x 10-7 1297 .616 :
•i_ 7.2 2.5 x i0-,' 1386 .605 "

,-_ _>-_T-:":-.=-K--L>;---;--7-- .--:.:;_k-:.-:-1%---;f/"-- .?T:;.--.--<-:-:<<T-:-:_-:-.:_:3;-:,:_:_:.._:_--::'-:<.-:--L"_:-.:-_-,".-: :-9<- : =#_.-.-;--_-._.L'_:? :- -:-::,-'::'-L ::-
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PWA-2!28

SPECTRALNORMAL EMITTANCE vs WAVELENGTH

COATING]CALCIUM TITANATE--PLAS_A ARC, SPRAYED (3.5MILS)
SUBSTHATE COLUM8iUM
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unreliab!e data. After testing the coating v:as v.hite _:ith

blue blotches. Test results are shown in Figure 29.

3. Calcium, Titanate - General Remarks

X-ray dlffract_on patterns were obtained for each of the speci:nens

tested and these showed no change in the structure of an}, of the

_p_c!mens........ _ a _'esu!t -_ _,_:.,-g_..... T_e_,r_,'_"'_"ip!e_,_pha_e present it,

each case was CaO • TiO2. Spectrographic analysis was perfor:ued

on the aluminum phosphate-bonded coating tested in the sp0ctral

emittance rig and this s],owed o change in the ele.n_ents present

as a result of testing.
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I. S:r,>ntium Titenate

Several coatings \,_ereprepared by plasma-r.rc spraying strontium

titanate pov_der, obtained from the Fiasmadyne Corporation, orto

columbium-i per cent zirconium tubes. Tv,o separate sets of

specimens were prepared using pov_der from the same container for

both sets. The specimens were tested in the total hemispkerical and

spectral normal emittance rigs.

i. Total Hemispherical Emitance Test

One specimen from each of the two bs.tches was tested in the total

hemispherical emictance rig because the quality of the coating in

the first batch was not as good as was desired. - .--_

a. First Sperimen - The flrst coating, tested was._ mils thick, : ;.: L-_%./__..

light grey in color, moderately_Hard, _iad-a_smooth__exturez -(_" ( .L.:=_:. -_

and was fairly well bohded-t_ t_e-:substrat;e-_ :T_-{s __-p_e.cimen@,:-i;:! :__::i_>:_ ::L!>i,

was tested over -the -temperature range of.300: to :-. 00- _, .... -. -_.---:-:_..... ---- ::.:-.

" AS rriay, be seen in;_Fig..-u"r:e•30,i_th.e:totilh_n%ispheri_c.a!.-h-:_i:.--;/-i:,.-•i;-"-ii:;£.;:
- --e-f-nittan-ce :ref_n_iifi6d reia[-ix+elvL_6ohstaKt " -_ft--abOtlt-O,:68:froffi, :/:_;t .._,: -..- i_ :. "

" - - " : :Z00"-;F to'"?bO_-;'Fiand_theni [n-cr6as-eci to a_"Out•0. •88 :a[-:l-40-0.0F.i %.__''-!- :•)-:-_: L/ ',:/
- ::' - ., ..... .-"-)L i -_--_-2---:._-. - _. _; :;. T- -. '-- __--: 1 " _ °_ _ ..........': .... . !--_---- _ wtiere--_t.--r:emamed qgns.tant up ;to :,aboUt•:-_600: F, •: As :th:e •-, :- :-i-:_;-_/2:. 1- .; --!.-

-_ :- :(-/!,-:. i- .. :- -.. : spleci_-_.men wag helatedabpve :i6.O0_if F-(:th.e:;rrfitt-ance::deci;ea.,g_dd-i--;. :";% _) ; -, ).!-

.i. '. _:-/;:.'.! _-;/-il : .--_ ,:;Lid. ii_6ut 0,:5:;it-z,i:Zs6F--,: ---Du)-in_ cooling :the.6mittance"re-_}-: } " i-.-..:-- ( /% :.

_-.,-:----_---._ ?-----.:. -:: ;..ma-.ne c, at-this-10.w,.le.ve!,--_n.Olcatlng :tha.t the-drop was due to. -i :- - - - .- ---:.

-::.-)%-'-;::_'/--;- -> - :. :a;:chanse: ir//ttie coating. _-LTl_e:"ihcreas _: in-emittance be tween ? -; :.; -.: :..':_- ::.:;-

:- ; ----[:.--;---:);?: .:-J-:- :?*b0"-_iia )_i400-;F?iis:_i_o-B_iie_ed :to ;be:a)'_'eguit-:oi_'-a ./chai_ge:-uL: -L" /.:-:!Li"j: :(:

:i: : - :).-#/-: - -[----(-=.,.-:-.::" : irKthe:-_c:oating/•m_fe-fiai-- -_This phehm_enofi _aS :oBs e.rv.ed ;in 2i -..-, - : !._-:_

//".":.--':"-%.'• :;:-:,:..-?-_ • : ;afi/e-a,iier-te;st- (rep0?te:d:in pWA--2043)-ln-wh•iih:a: sii_-lXi'-" :: !:-:: .:--- :_:,2 f ..

.:;-- : ' :" " .... -: -i_f_crease.wa, s _not_t:,.-:"iiT-he Sp%cimen"in th-af_.tes:t _g.s i-ein- .--. :; :_-.::-.-: : - .

--:.. •_- :: })-_- .'i:-: %: . .:,•- st).umentedwith-_ev_-thdx_n0etoupies--aad:emlitancewag:;L-?-- :-_-J,L -._ _,L:

-:2,-_.•.._.v_.-. f- -i-... •. :--:__: - -...,;-meast/_red2a;,s_t0nd time, " The)alUes .obLai;iediinithig _:latte'_': -.... - " -- " • "
': _ - • - L.:-;.teslt i'un lndica[_-d that the-emittanc& had ir/cegasdd"overthe i...-•_-,ii>- " • "- "

-" ; ". --.'. _; . : ":-;;.: ":"' '-...',_-;-- ".:-: " : :-,. -. .'-'it" "" -" . : --- -- " ,i. " "ii:r,-" _=,-' : -'.-,i _ =2 ,-_." " .- -" "- "-- . ; - --• - ent_retemperature range.of 3.00 to. 450 F_ -.: - -:_:: --- .... ; - :.>.. :--.
" ":" ' "- " " " - c- .- s

_:_:_;.:: .)•.,15.-.< 2 ./-. --F.i_ure::-30-?lndi:cat_S- tNai betWeeti/17_00hi#:and'-Z000-_-F,'ihe:tOta i:. -"-' : ' :_ : :

,-_.--i '"-- :--- :: _-:' .i " i-emittailce" _:.-data •based0n<0ptical pyrdn4eter-temper_;tur{e-'-.-): (:i i ;? _: _,i .- " -_-:--/-

" C_-_-::;-;-._ " :;-.-i:"-: ': :-"'-:meaSttreni-ents- do not--agi_ee ver_r.Well with.those:based on -" :%:...... -.- ,

-, / :?-":--"-•:-(' :::-/- .)i;:-/-.-ith6i-moc0-aple mea-S_i;emetits; L-This :i_-'..#ot_;,ewhat mislegciing. >:';(L'..-:/)-/

").::.__--::.-?%)-2- ": ":-/-because the_ternpei-ature was,'_-:_steadiiyin-dr_as-_iigatirir/g.this ......i 'L,-:.:_::-

::_'- -_i.:c:)( _--'-_/--}'.i:::per[od.Mthough_the:electricai'pbwerlinp_it_tO:tt_4-specimen: :i '__ :,".:_' "--:.

_,": ::--. . ":- ,i--:: ['-:;. - " ;..- : -:,:-. - -',i'-o,66. "-":: "(!+"-"-- i" L-%: _ :__--; : .:-..'": '- ':J-- _ - :"- '-...'
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re:_.:ainecl,'onstant. The tempera[ure _,_-_changing rapidly

enouc-i= so tb.atduring ti_et1::_ereoulred for obLainin g current

and voltage readings the temperature chaP.ged b? several

degree.-. Thus, some of the discxepancies in the emittance

data based on these tyro types of temperature readings is doe

to transient conditions.

At temperatures of Z000°F and hi_her the platinum-platinum

10 per cent rhodium thermocouple no longer gave reliable

data. Therefore only total emittance based on optical

pyrometer temperatures are shov, n for the cooling portion
of the test. This data indicates that the decrease in emittance

is permanent and exists over the entire temperature range.

Except for a change in color (from light grey to golden brown}

no differences in the appearance of the coating before and

after testing were noted,

b. Second Specimen - The second coating tested was 4 mils

thick, white in color, hard, had a medium grit texture, and

was well bonded to the substrate. The sFecime n was tested

-- - = ove-r-the temperature range of 300 to 2250°F. The shape of

: : ': the tOtal emittan_-e-cUrVe-0f.this_ specimen-was very similar- :

- ; . -to-that-of_theLfirs;t Specimen: although _he-level at certain - _-- ---_- .
-- .. " i:(: i : - .;::-..- :-ternise ratur-es _V}aS!diffgr:e-r{t-.:. {-'_hiS::eaa.tirig-:had-a re latively..-- ..----.::-':...!f -_

. _..- .= : .. ..... "..:-- :- ----__::--_constant emlttance:-leve:l-::ot :O, _7__-frgm--3.00 ;t0-_70.0:_-E.,_ :. :_he, _ - .... :- :_ _-v: :- ::---,"_-:

>-? .-:i _:--::_ L::::--:-._--'":5-:-_=:::::-Fei_'ltta-nc e_:ttien :mc:rTeased; t_ :&-_maX_m um--of-%aboute0.-9: at:: 1-400- _F :-:_-::_-::-:_¢--:-<--

.-=:_.:_:.,:-:_:.::,.::_:::_-.---.... -.-__:.-.:_-:-:_dec reased--ulit-rl _a=_value.:of :about-;0-:-6.4 was;-rea-ched: at:-B_50.= ._,:,.J--.:;: :----, : :-.:--:_:.-c

::f_'-:;;;',_".._:.._S-;_=::::-- :.{/;;-: _'-:_.::=W-heii t flie ._:si_eLcir_i_h :_-_,ia:s_-=lie a t ed-&-5 o _-e !Z000:?_F:_ _._th_ s_a .rag": p:rp b-=:::{: '<<(:Q/_-:;-::::::_

_:J;::--_'_#,(':C _--,,4:_ :. S:.:-':--'-?,-_1em_`_f!.un_r¢_ab_e/:.t_¢mp_-r`at.:ur`e_.:me_as.-u_r.;e.U_/.`e/pt_T_th__:_.;._?_ =."-:".L_.-.--":_L'.-:-:
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PI_,_TT _ "_/HIT%Fy ,&IrlCRAFT

TABLE XV_

Coating: Strontiu:_: Titanatc - Plasma Arc Sprayed

Substrate: Columbiurn - i% Zirconiun:

4.0 Mil Coating

Run Elapsed Pressure T.C. Optical
¢ E

No. Time (Hrs) (ram Hg) ("9-____) TH ('F) TH

i 0.8 1.9 x 10-7 300 .73Z

I. I Z. 0 x 10 -7 500 .747

1.6 Z.3 x 10-7 70Z .738

!.8 2.4 x 10 -7 901 .755

2.8 3.0 x 10 -7 1000 .778

3.2 3.1 x i0 -7 I099 .813

3.4 Z.7 x I0-" llq9 .853

3.6 3.6 x 10-' 1299 .864

= 3.8 4.0.x- 10-7 1415 .q07

4.1 3;4X 10 -7. 149_7 .894

]i_ :-.: - -. L :, -4.-3 _ =3.:5x::10-7,_:i600 " : / -.-887 i--1600. - .88:7 . :=---:.-_ i

_:;":=::'-'<-:d_-_L-:.:-,:--,:__-¢-:,_.::>__.:_:::C --_-.-:'-:-:,.:::_::_.-::::'5-_-,-5::-'-9 -_-/:-::_:%/-:%:::-:-:--,"_-:-:--,-:;'="'-:-.:,':-:'>:'-:-<;-)::-_--,::-::-.:.Y<C: -:._.::-"-_::-:.:L:--
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for the purpose _f !ndicatin g the approximate emittance level

of_the coati.n_ after exposuze to higher temperatures. When

the _pecimen was removed from the test rig it was noted that

the color of the coating had changed from white to veilow-

brown. No other visible characteristics hac. changed.

Comparing the data for these two specimens shows that the

emittance of the second specimen is about 5 per cent higher

than that of the first over the temperature range of 300 to
_0 F From 1!09 _ °_ -

...... ,.,v, .,,.. , _,,e ,.&,, S,;_S Ol d_ &gree

very well. Above 1800°F the curves start to diverge which

_s probably a result of the :,onrepeatability of tl" e rates of

deterioration of the two coatings.

Z. Spectral Normal Emittance Test

The specimen tested in the spectrat emittance r:g was from the

same set as the second strontium titanate specimen tested in

the total emittance rig. This coating was 4 mils thick, light grey,

hard, had a smooth te)ture and was we!l bonded to the substrate,

A different test sequence was used for this specirnen than that

used for most specimens tested in the spectral emittance rig. The

spectral normal emittance was measured at 900°F from. 1.5
to IZ. 5 microns and at 1450°F from 1 to 13.5 rnicro_s. The

specimen was they maintained overnight at 1450a_F a_.d the - )

spectral emittance was.measured ag=ain at.this temperature " .. :, : -=

- -- :..over:-the.same wavel_ng-thirange._.Th,_gp=ectral_-emitta'flC._.:tes_t_5-- : _ :.i"-=..-. '-= :
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SPECTRAL NORMAL EMITTANCE vs WAVELENGTH
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]

J. iron T:tan:an: Aiuminun: Oxide

i

J Po\_de:" obtained from the Continental Coatings Corporation (FCT-12)

v. as plas::na-arc sprayed onto columbium-i per cent zirconium, tubesi-
f for testing in the total hemispherical -,nd spectral nor:%3i emittance

rigs. X-ray dif.raction and spectrographic analyses are being

conducted on these coatings.7-

i. Total Hemispherical Emittance Test

The 5-mii thick coatin_ was 1:Fht black, fairly hard, had a mediunq

grit texture, and a poor substrate bond. The total ernittance of the

coating var'ed fro:n about 0. 83 at 300°F to about 0. SS at 900°F and

then remained relatively cor,stant up to ZLS0°F. The e:-nittance values

obtained during cooling were about the same as those obtained

during heating. The data are shown in Figure 33.

Optical pyrometer readings were unreliable throughout the

test and therefore measurements of temperatures by

the platinum-platinum I0 oer cent rhodium thermocouple are

L: the only ones reported. It is believed that no thermocouple
contarnina*Aon occurred, Had contamination occurred, it

would have been accelerated at the higher temperatures and
!,

'-- would have _esu!ted in measured emittance values during

cooling w_Lich differed from those measured during heating.
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]
PRATT, & ','VH,TNEY AIRCRAFT

r
U

'fABLE XVIH

Coating: !ron- Tita nium-Aluminum- Oxide

Plasma-Arc Sprayed

T Substrate: Columbium-1% Zirconium

i 5.0 h_il Coating

j

Run Elapsed Pressure T.C.

i No. Time (Hrs.) (mm H$) ('F) ETH
L

i g.0 7.7 x 10-7 Z99 .831f

_ 3.0 1.8 x 10 -6 699 .864

4.0 2.3 x 10 -6 903 .879

4o 5 4.0 x i0 -6 998 .876
4.8 8.0 x 10-6 1100 .874

-_ 5.1 5.3 x 10-6 1-198 .880

] 5.3 5.0 x 1300 .878
10-6

5.6 5.6x 10 -6 1400 .87Z.

6:0 1 5 x 10-5 1499 870 : ; : ::
6.4 - 8.0 x 10-6 1599 .8-;/5..... .--::---<= -
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E'WA -2123

SPECTRAL NORMAL EMITTANCE vs WAVELENGTH

COATING:IRON-TITANIUM-,_d_UMINUM-OXIDE-PLASMA ARC SPRAYED(4 MILS)
SUBSTRATE.' COLUMBIUM- 1% ZIRCONIUM
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K. Iror-Titaniu_: Oxide

Powder obtained fro.n_Continental Coatings Corporation (FCT-II)

was plasma-arc sprayed onto coiu_P_bium -] percent zirconium tubes.

The specimens were tested in the total hemispherical emittance rig

and in the short term endurance rig.

I. Total Hemispherical Emittance Test

The 4-mi! thick coating was grey-black and hard, and had

a medium grit texture and _ god substrate bond. Total herni-

sohericai emittance was measured over the temperature cange

of 300 to Z!00°F and was relatively constant at approxi.<-ately

0. 85 over the entire temperature range. Several test runs were

made with no appreciable changes in emittance resulting from

repeated heating. (See Figure 35). Optical pyrometer readings
during runs Z and 3 were found to be unreliable and thedata

based on these temperatures are not reported. . : _. -- _.

_ g, -Short-Term Endur_ai_ce-T_s t...... -__-: . _---: :.:/. : : -.P:-. ::: : :. :::.{.::"- -..:= --

: -_- _ - : _Thecqat{ng:f6stedin:the- _h6r-{:ter-m :endur-ance --rig-._,<:_:-4mils:. :"-->_.:---::::.-=: -_:: ::-- -

:- " . "_!.. -<-:thic-k,-:-_.ey_blaek-, :_ha_d, Hada medi_-m-atte gri"t--textu-re- and --..-.::-: : .<::-- _--_:-_ ..(

:: - --1%:::_ ::- .: .:_ :go0d .subg{fate ..Bbn(]. :Figur-e: 36 :-sh6ws-:.the.to:tai-:bemisph-e-ridai:-:i - -. ;-: :::'<.-:. :/-:-

:: :.,:::__ :<-?: -:::. :1450 _-F-:: _The -speEin_e£twas ::W_bj-ec-_ _a: to f3.00.:Hodr:S:.:O{ehdGran-,2e, _(:-:: :_" "-:::- -<-::</ 2

-:_.::,//-::::.:: ..::::::: :%?t-e_:ting :at:ti4:5:0 "F?:, _-l_e-re-suits: '6{(t_ie,e:n-dui-a'd_:-,testing:?ar e-:: J,=<£{': :f?-> :: :-P:-::< - ,--

- ;: '::):"._: - _(:1:.:::These-twO figures::sHo_v::that: the Pemittafice :of _the :sampie w'as ;::::-:-:::-( : <:..i _:::.-:---_?:?_-%:::::-::

:::::-:::?--/_::_--::: :".:-::,Sighi'ficant change :o'cc _{_:r-eti:dur ing the: 300 h0ui, s &l:-i450 iF/::"::'_(? : =:?-:i.: ::-_- b> .-- : ::

":':::"i:<_:.;%-:.-::_iNff-change in--the:c_atin<g was obse_v-ed-as:ar_dult O¢_testii_;:-: ": .<_ ::.::::-:: ::-: :-;,---:_::
-":<:_/i.: "_-,: i:::::,:_:X.r:_y-diffracti6_ and:si_ct_ogra:plaidar{a[yle8 are being-c0:n_jdet_d: ?::-:_-(-:.:: :: -::.:
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TABLE XIX



TABLE XIX (CONTINUED)

RuB Elapsed Pressure 7. r- Optical"_" 6 6
.No. Time (P,rs. } (rnm Hg) (_F) TI-: (°F) TI-{
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TABLE XX

Coating: Iror. Titanium Oxide-Piasrr.xa Arc Sprayed

Substrate: Columbium-i Per Cent Zirconium
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TABLE XXI

Coating: Iron Titanium Oxide-Plasma Arc Sprayed

Substrate: Co]umbium-" Per Cent Zirconium

4.0 Mii Coating

Run Elapsed Pressure T.C.

No. Time (Hrs.) (ram Hg) (°F) GTH

l 2 5 5. 7xi0-6 1440 883

20 3 i. 7x10 -7 1439 883

40 6 1.0xl0-7 1439 887

60 99 6.9xi0 -8 1435 893

140 3 4. 7xl0 -8 1439 897

160 55 4.3x10 -8 1438 875

180 8 3.4xl0 -8 1440 870

Zl0 25 3. Ixl0 -8 1440 867

Z30 65 3. lxl0 -8 1440 870

300 5 3.1xl0 -8 1440 871
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